Introduction
============

Non-small cell lung cancer (NSCLC) accounts for \~85% of all lung cancers diagnosed each year, most of which were adenocarcinoma.[@b1-ott-11-1105],[@b2-ott-11-1105] Platinum-based chemotherapies have long been the first-line treatment for advanced NSCLC.[@b1-ott-11-1105],[@b3-ott-11-1105] However, due to various adverse effects of chemotherapies as well as increased resistance of tumors, the prognosis of advanced NSCLC remains dismal.[@b1-ott-11-1105],[@b4-ott-11-1105]--[@b7-ott-11-1105] This has called for novel therapies with higher efficacy and safety results.

Echinoderm microtubule-associated protein like 4 (EML4)-anaplastic lymphoma kinase (ALK) fusion protein was first discovered in NSCLC tissues in 2007.[@b8-ott-11-1105] It is believed to play a vital role in the carcinogenesis of NSCLC iñ5% of patients.[@b9-ott-11-1105] In vitro experiments have confirmed the activation of several downstream oncogenic pathways caused by the EML4-ALK fusion protein, including PI3K, JAK/STAT, and RAS/MEK/ERK pathways.[@b10-ott-11-1105] Therefore, ALK-rearrangement is considered as a novel therapeutic target for NSCLC. Crizotinib was the first Food and Drug Administration (FDA)-approved ALK inhibitor (ALKi) used to treat NSCLC and has better efficacy and safety results compared with conventional chemotherapy.[@b9-ott-11-1105],[@b11-ott-11-1105] However, most patients treated with crizotinib acquired resistance within 1 year.[@b9-ott-11-1105] Potential mechanisms of crizotinib resistance can be classified into primary and secondary resistances.[@b12-ott-11-1105] Primary resistance may result from rearrangements of ALK gene with other genes such as KIF5B, TPR, HIP1, and SQSTM1,[@b13-ott-11-1105] while secondary resistance (acquired resistance) may be caused by ALK kinase domain mutation, increased ALK gene copy and activation of other cancer-related signaling pathways.[@b12-ott-11-1105],[@b13-ott-11-1105] Additionally, central nervous system (CNS) metastases are not uncommon in NSCLC patients, while the intracranial efficacy of the first-generation ALKi crizotinib was not that satisfying.[@b14-ott-11-1105],[@b15-ott-11-1105] Some severe adverse effects, such as erythema multiforme and acute interstitial lung disease have also appeared in some of the patients treated with crizotinib.[@b16-ott-11-1105],[@b17-ott-11-1105] These results have called for the development of next-generation ALKis.

Several second-generation ALKis, such as ceritinib, alectinib, and brigatinib, have been developed to overcome crizotinib resistance.[@b18-ott-11-1105] Ceritinib is recommended as the second-line treatment for patients progressed after first-line crizotinib.[@b19-ott-11-1105] While brigatinib is an inhibitor of both ALK and epidermal growth factor receptor.[@b13-ott-11-1105] Alectinib is a second-generation ALKi with higher potency and selectivity.[@b13-ott-11-1105] In vitro experiments have proved that the inhibitory effect of alectinib on ALK outperforms crizotinib.[@b18-ott-11-1105],[@b20-ott-11-1105] It is believed that one of the major differences between next-generation ALKis is their spectrum of inhibitory effects on secondary resistance mutations.[@b21-ott-11-1105] In vitro experiments have confirmed the inhibitory effect of alectinib on several resistance mutations, including L1196M, C1156Y, R1275Q, and F1174L, in which L1196M was considered as the gatekeeper mutation of crizotinib-refractory NSCLC.[@b20-ott-11-1105],[@b22-ott-11-1105]

Currently, several clinical trials of alectinib from Phase I to III have been published.[@b15-ott-11-1105],[@b23-ott-11-1105]--[@b29-ott-11-1105] However, the efficacy and safety data of these clinical trials are not identical. Only 2 systematic reviews have studied the efficacy and safety of crizotinib in ALK-positive (ALK+) NSCLC patients.[@b30-ott-11-1105],[@b31-ott-11-1105] The systematic review and meta-analysis of the efficacy and safety of alectinib have not yet been reported. In our current study, we attempted to pool the efficacy (overall response rate \[ORR\], disease control rate \[DCR\], progression-free survival \[PFS\], and intracranial ORR) and safety parameters (discontinuation rate, rate of dose reduction or interruption, and event rate of adverse events) in order to synthesize the results of different studies and provide the least biased evidence for the clinical use of alectinib.

Methods
=======

This research was performed in compliance with the preferred reporting items for systematic reviews and meta-analysis statement for reporting systemic reviews in order to reduce potential risk of bias (ROB).[@b32-ott-11-1105]

Search strategy
---------------

A search of 3 databases, including PubMed, Web of Science, and the Cochrane Library was performed from the inception of each database through September 5, 2017. All MeSH terms and entry terms of the keywords (alectinib, NSCLC) were used in the search strategies.

The following is an example of the search strategy used on PubMed: ("Non-Small Cell Lung Cancer" OR "Non-Small Cell Lung Carcinoma" OR "Non Small Cell Lung Carcinoma" OR "Non-Small-Cell Lung Carcinoma" OR "Nonsmall Cell Lung Cancer" OR "Non-Small-Cell Lung Carcinomas" OR "Non-Small-Cell Lung Carcinoma" OR "NSCLC") AND ("alectinib" OR "Alecensa" OR "RO5424802" OR "CH5424802").

The "Advanced search" capabilities of the different databases were used, and no restrictions on study language were applied.

We also reviewed the references of the retrieved articles, and any relevant studies in the reference lists were also included according to the inclusion and exclusion criteria. If the databases failed to provide enough information that we needed, we tried to contact the corresponding authors by email to get more data.

Inclusion and exclusion criteria
--------------------------------

The inclusion criteria were as follows: 1) types of studies: clinical trials, 2) types of participants: ALK+ NSCLC patients, 3) types of interventions: patients were treated with alectinib at any dose, 4) types of outcome measures: PFS, ORR, and DCR, or at least 1 of them should be provided in the included studies. Studies that provided the event rate of various adverse events as well as discontinuation rate and rate of dose reduction or interruption after alectinib treatment were also included, and 5) full text was available.

The exclusion criteria were as follows: duplicate publications, literature reviews, systematic reviews, case reports or case series, animal experiments or cell experiments, and required data were not available even after correspondence with the authors.

Quality assessment of included studies
--------------------------------------

Two reviewers (JF and ZX) evaluated all of the included studies independently after reading the full text of each study. We used the Cochrane collaboration ROB tool to evaluate the quality of the included randomized controlled trials (RCTs).[@b33-ott-11-1105] The overall ROB of a study was considered "low" if \>4 items in the Cochrane collaboration ROB tool were rated as "low risk." The overall ROB of a study was considered "moderate" if 2 or 3 items in the Cochrane collaboration ROB tool were rated as "low risk." The overall ROB of a study was considered "high" if \<2 items in the Cochrane collaboration ROB tool were rated as "low risk" or if \>1 item was rated as "high risk." We used the Newcastle--Ottawa scale (NOS) to assess the quality of the included single-arm clinical trials and non-RCTs.[@b34-ott-11-1105] The overall quality of a study was considered to be "poor" if the total NOS score was \<4. Studies with an NOS score between 4 and 6 were considered to be "moderate," and those with an NOS score between 7 and 9 were considered to be of high quality.

Data extraction
---------------

With a data extraction template designed in advance, the following data were collected by the 2 reviewers (JF and ZX) independently: the first author's name, publication year, the study design, sample size, dose of alectinib treatment, median PFS as well as 95% CI, ORR, DCR, discontinuation rate, rate of dose reduction or interruption, event rate of adverse events, and the information needed to evaluate the quality of each study. Any discrepancies during study selection and data extraction were resolved by discussion and consultation with another reviewer (PL).

Statistical analysis
--------------------

All statistical analyses were conducted using Review Manager 5.3 (Cochrane Collaboration) and STATA 12.0 software (Stata Corp., College Station, TX, USA). Average PFS was used for the summary measure for PFS. The event rate of other parameters directly served as the summary measures. Inter-study heterogeneity was assessed using Chi-square test and *I*^2^ statistic. A *p*-value \>0.1 and an *I*^2^\<50% indicates that the heterogeneity was not statistically significant, thus the fixed-effect model was used. If the *p*-value was \<0.1 and an *I*^2^ no \<50%, there is a significant heterogeneity between the studies, therefore the random-effect model was applied. Funnel plots were used to display the publication bias. Begg's and Egger's tests were used to evaluate the publication bias quantitatively.

Results
=======

Characteristics and quality assessment of included studies
----------------------------------------------------------

A total of 443 references have been identified after database searching (PubMed 189, Web of Science 218, Cochrane Library 36). There were 268 references left after deduplication. Of these, 244 references, which included animal experiments or cell experiments, diagnostic tests, case reports or case series, as well as other irrelevant studies were excluded according to the inclusion and exclusion criteria. Finally, a total of 8 clinical trials (2 RCTs and 6 single-arm trials) with 626 patients (255 in the 2 RCTs and 371 in the 6 single-arm trials) were included after reading the full text ([Figure 1](#f1-ott-11-1105){ref-type="fig"}). The general characteristics of the included studies are listed in [Table 1](#t1-ott-11-1105){ref-type="table"}. The details of quality assessment are listed in [Table S1](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf).

Outcome evaluation and meta-analysis
------------------------------------

### The efficacy of alectinib

The pooled ORR of ALK+ NSCLC patients treated with alectinib is 70% (95% CI: 57% to 82%). Subgroup analysis showed that patients who never received ALKi treatment tend to have higher ORR than crizotinib-pretreated patients (87%, 95% CI: 81% to 92% vs 52%, 95% CI: 46% to 58%; [Figure 2](#f2-ott-11-1105){ref-type="fig"}). The pooled DCR is 88% (95% CI: 82% to 94%), and subgroup analysis showed that patients who never received ALKi treatment tend to have higher DCR than crizotinib-pretreated patients (95%, 95% CI: 89% to 100% vs 83%, 95% CI: 76% to 89%; [Figure 3](#f3-ott-11-1105){ref-type="fig"}). The pooled average PFS is 9.36 months (95% CI: 7.38% to 11.34%; [Figure 4](#f4-ott-11-1105){ref-type="fig"}). For the ORR of alectinib-treated ALK+ NSCLC patients with brain metastases, the pooled result is 52% (95% CI: 45% to 59%). Subgroup analysis showed that ALKi-naïve patients tend to have higher ORR than crizotinib-pretreated patients (59%, 95% CI: 47% to 71% vs 48%, 95% CI: 38% to 57%; [Figure 5](#f5-ott-11-1105){ref-type="fig"}).

### The safety of alectinib

Several parameters have been used to evaluate the safety of alectinib. Some patients may require a dose reduction or interruption, or even the total discontinuation of the treatment due to various adverse events. The pooled discontinuation rate is 7% (95% CI: 4% to 10%; [Figure 6](#f6-ott-11-1105){ref-type="fig"}), while the pooled rate of dose reduction or interruption is 33% (95% CI: 24% to 42%; [Figure 7](#f7-ott-11-1105){ref-type="fig"}).

Different adverse events after alectinib treatment were reported in the 8 included studies. The 6 adverse events with the highest incidence are as follows: constipation (29%, 95% CI: 21% to 37%), anemia (25%, 95% CI: 10% to 40%), myalgia (18%, 95% CI: 15% to 21%), peripheral edema (18%, 95% CI: 12% to 23%), dysgeusia (18%, 95% CI: 5% to 32%), and blood creatine phosphokinase (CPK) increase (18%, 95% CI: 13% to 22%; [Figure 8](#f8-ott-11-1105){ref-type="fig"}). We also pooled the incidence of several other adverse events with lower event rates: aspartate aminotransferase increase (15%, 95% CI: 12% to 17%), nausea (14%, 95% CI: 11% to 16%), rash (14%, 95% CI: 10% to 17%), alanine aminotransferase increase (13%, 95% CI: 10% to 16%), blood bilirubin increase (13%, 95% CI: 9% to 17%), headache (12%, 95% CI: 5% to 19%), diarrhea (11%, 95% CI: 7% to 15%), neutropenia (8%, 95% CI: 3% to 13%) and vomiting (8%, 95% CI: 5% to 11%; [Figure S1](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf)).

Publication bias
----------------

For the ORR, PFS, and ORR of patients with baseline brain metastases, discontinuation rate, and the rate of dose reduction or interruption, their funnel plots were roughly symmetric ([Figures S2](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf) and [S3](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf)). The asymmetry of these funnel plots was further assessed with Egger's and Begg's tests, but yielded no statistically significant results. For the DCR outcome, however, there is a discrepancy between Begg's test (*p*=0.386) and Egger's test (*p*=0.027). Considering that Egger's test has higher sensitivity when the amount of included studies is \<20,[@b35-ott-11-1105],[@b36-ott-11-1105] potential publication bias may exist according to Egger's test. The funnel plots of the adverse effects along with the results of Begg's and Egger's tests were further provided in the [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf) ([Figures S4](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf) and [S5](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf); [Table S2](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf)).

Sensitivity analysis
--------------------

The "trim and fill" method was applied to evaluate the reliability of each result. For ORR, DCR, and the rate of dose reduction or interruption after alectinib treatment, their pooled results did not change significantly whether fixed-or random-effect models were applied. No trimming was performed after the trim and fill analysis. This indicates that these results are quite robust.

For other pooled results, one or more studies were filled after the trim and fill analysis, so the results of these meta-analyses may be compromised. The pooled results using different effect models as well as the trim and fill funnel plots are provided in the [Supplementary materials](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf) ([Figures S6](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf)--[S8](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf), [Table S3](https://www.dovepress.com/get_supplementary_file.php?f=156170.pdf)).

Discussion
==========

The current study has pooled the results of 8 clinical trials in order to evaluate the efficacy and safety of alectinib in the treatment of ALK+ NSCLC. Pooled results revealed that most patients who received alectinib treatment had their disease well controlled (DCR: 88% and ORR: 70%). Subgroup analyses showed that patients who never received ALKi before tend to have higher DCR and ORR than those who developed resistance after crizotinib treatment. The pooled PFS of alectinib-treated patients is 9.36 months, and subgroup analysis was not carried out due to limited numbers of included studies and mixed baselines. Currently, alectinib was approved by the FDA to treat crizotinib-refractory patients.[@b9-ott-11-1105] It was also reported in a retrospective study that patients treated with alectinib alone had longer PFS and overall survival (OS) than those treated with crizotinib alone. However, patients who received sequential treatment with crizotinib and alectinib had longer OS than those who received alectinib alone.[@b37-ott-11-1105] Currently, the PFS and OS results of first-line alectinib treatment are still missing in the 2 clinical trials comparing alectinib and crizotinib.[@b15-ott-11-1105],[@b23-ott-11-1105] Whether first-line alectinib treatment or sequential use of crizotinib and alectinib would lead to longer PFS and OS, further clinical trials are warranted to elucidate this question.

For the treatment of CNS metastases, the pooled intracranial ORR is 52%. Subgroup analysis showed that ALKi-naïve patients tend to have better response than ALKi-pretreated patients (59% vs 48%). In the only Phase III clinical trial comparing alectinib and crizotinib that had reported intracranial efficacy, alectinib-treated patients had higher intracranial ORR than those treated with crizotinib (59% vs 26%).[@b15-ott-11-1105] Apart from the difference of innate efficacy, higher CNS response may also result from increased blood--brain-barrier (BBB) penetration.[@b20-ott-11-1105] In vivo experiments have shown that the brain-to-plasma ratio of alectinib in animal models ranged from 0.63 to 0.94, indicating that alectinib can well pass through BBB.[@b38-ott-11-1105] In contrast, it has been reported that the cerebrospinal fluid (CSF)-to-plasma ratio of crizotinib was 0.0026.[@b39-ott-11-1105] This revealed the poor BBB penetration of crizotinib. Despite the potential difference in lipid solubility, the difference in BBB penetrability may depend on a protein expressed in the BBB called P-glycoprotein (P-GP). Crizotinib and ceritinib molecules that had passed through BBB can be pumped out by P-GP efficiently, though alectinib is not a substrate of P-GP.[@b40-ott-11-1105] Therefore, the CSF concentration of alectinib can reach a relatively high level that can inhibit CNS metastases.

Aggregate results have shown that 7% of all patients discontinued alectinib treatment due to various adverse effects, and 33% of patients needed dose reduction or interruption. In the 2 Phase III trials that directly compared alectinib and crizotinib, both discontinuation rate and rate of dose reduction or interruption were lower in alectinib-treated patients. This had underscored the improved safety of alectinib. Frequently reported adverse effects with the highest incidence includes constipation (29%), anemia (25%), myalgia (18%), peripheral edema (18%), dysgeusia (18%), and CPK increase (18%). For most adverse events, the event rates were higher in crizotinib-treated patients rather than alectinib-treated counterparts[@b15-ott-11-1105],[@b23-ott-11-1105] and this was consistent with improved safety profile of alectinib. However, what is worth noting is that in both of these 2 random controlled trials comparing alectinib and crizotinib, myalgia and anemia were more frequently reported in alectinib-treated groups.[@b15-ott-11-1105],[@b23-ott-11-1105] Myalgia and anemia were also among the most frequently occurring adverse events according to our current study. Considering that alectinib outperforms crizotinib in almost all of the safety parameters, why does the next-generation ALKi have an even higher incidence of these 2 adverse events than the first-generation drug? More studies are warranted to reveal the underlying mechanism.

Admittedly, our current research is not without some limitations. Of the included studies, 6 of the 8 are Phase I or II clinical trials. Only 2 Phase III random controlled trials were included. Limited number of included studies and limited sample size have made our results susceptible to relative risks of bias. More random controlled trials comparing alectinib with crizotinib and/or chemotherapies need to be included to confirm our current results.

In summary, the results of this meta-analysis suggest that most patients would respond to alectinib treatment, or at least have their disease controlled (DCR: 88% and ORR: 70%). It seems that alectinib is a preferable drug to treat intracranial metastases of ALK+ NSCLC. Patients who never received ALKi treatment tend to have a better response than crizotinib-refractory patients. Generally, alectinib is well tolerated by ALK+ NSCLC patients. However, the incidences of few adverse events, such as myalgia and anemia were even higher in alectinib-treated patients compared with crizotinib-treated counterparts. Further clinical trials are warranted to update our meta-analysis and provide more insightful instructions for the clinical use of alectinib.
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![Meta-analysis of the ORR of ALKi-rearranged non-small cell lung cancer treated with alectinib.\
**Abbreviations:** ALKi, anaplastic lymphoma kinase inhibitor; CRZ, crizotinib; ORR, overall response rate; SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig2){#f2-ott-11-1105}

![Meta-analysis of the DCR of ALKi-rearranged non-small cell lung cancer treated with alectinib.\
**Abbreviations:** ALKi, anaplastic lymphoma kinase inhibitor; CRZ, crizotinib; DCR, disease control rate; SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig3){#f3-ott-11-1105}

![Meta-analysis of the PFS of ALK-rearranged non-small cell lung cancer treated with alectinib.\
**Abbreviations:** ALK, anaplastic lymphoma kinase; PFS, progression-free survival; SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig4){#f4-ott-11-1105}

![Meta-analysis of the ORR of alectinib-treated ALK-rearranged non-small cell lung cancer with brain metastases.\
**Abbreviations:** ALK, anaplastic lymphoma kinase; ALKi, anaplastic lymphoma kinase inhibitor; CRZ, crizotinib; ORR, overall response rate; SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig5){#f5-ott-11-1105}

![Meta-analysis of discontinuation rate after alectinib treatment.\
**Abbreviations:** SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig6){#f6-ott-11-1105}

![Meta-analysis of rate of dose reduction or interruption after alectinib treatment.\
**Abbreviations:** SE, standard error; IV, inverse variance; CI, confidence interval.](ott-11-1105Fig7){#f7-ott-11-1105}

###### 

Meta-analysis of event rate of several adverse events happened after alectinib treatment.

**Notes:** (**A**) Event rate of constipation. (**B**) Event rate of anemia. (**C**) Event rate of myalgia. (**D**) Event rate of peripheral edema. (**E**) Event rate of dysgeusia. (**F**) Event rate of blood creatine phosphokinase increase.

**Abbreviations:** SE, standard error; IV, inverse variance; CI, confidence interval.
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###### 

Characteristics of the included studies

  Citation                          Number of patients   Median age (years)   Median duration of follow-up (months)   Alectinib dose and frequency   Trial phase   Baseline         Treatment-line   Quality assessment (NOS unless otherwise stated)
  --------------------------------- -------------------- -------------------- --------------------------------------- ------------------------------ ------------- ---------------- ---------------- --------------------------------------------------
  Hida et al[@b23-ott-11-1105]      103                  61                   12                                      300 mg PO BID                  III           ALKi-naïve       Mixed            Cochrane ROB tool: high risk
  Peters et al[@b15-ott-11-1105]    152                  58                   18.6                                    600 mg PO BID                  III           Untreated        First-line       Cochrane ROB tool: high risk
  Seto et al[@b26-ott-11-1105]      46                   48                   7.6                                     300 mg PO BID                  II            ALKi-naïve       Mixed            6
  Gadgeel et al[@b27-ott-11-1105]   47                   56                   4.2                                     300--900 mg PO BID             I/II          CRZ-pretreated   Mixed            4
  Hida et al[@b24-ott-11-1105]      35                   45                   NA                                      300 mg PO BID                  NA            Mixed            Mixed            5
  Ou et al[@b28-ott-11-1105]        138                  52                   7                                       600 mg PO BID                  II            CRZ-pretreated   Mixed            6
  Shaw et al[@b29-ott-11-1105]      87                   54                   9.9                                     600 mg PO BID                  II            CRZ-pretreated   Mixed            6
  Iwama et al[@b25-ott-11-1105]     18                   72                   9.8                                     600 mg PO BID                  II            Mixed            Mixed            3

**Abbreviations:** ALKi, anaplastic lymphoma kinase inhibitor; BID, twice a day; CRZ, crizotinib; NA, not available; NOS, Newcastle--Ottawa Scale; PO, take orally; ROB, risk of bias.
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